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This study investigated the influence of corn straw application on soil microbial communities and 
the relationship between such communities and soil properties in black soil. The crop used in this 
study was maize (Zea mays L.). The five treatments consisted of applying a gradient (50, 100, 150, 
and 200%) of shattered corn straw residue to the soil. Soil samples were taken from May through 
September during the 2012 maize growing season. The microbial community structure was 
determined using phospholipid fatty acid (PLFA) analysis. Our results revealed that the application 
of corn straw influenced the soil properties and increased the soil organic carbon and total 
nitrogen. Applying corn straw to fields also influenced the variation in soil microbial biomass and 
community composition, which is consistent with the variations found in soil total nitrogen (TN) 
and soil respiration (SR). However, the soil carbon-to-nitrogen ratio had no effect on soil microbial 
communities. The abundance of PLFAs, TN, and SR was higher in C1.5 than those in other 
treatments, suggesting that the soil properties and soil microbial community composition were 
affected positively by the application of corn straw to black soil. A Principal Component Analysis 
indicated that soil microbial communities were different in the straw decomposition processes. 
Moreover, the soil microbial communities from C1.5 were significantly different from those of 
CK (p < 0.05). We also found a high ratio of fungal-to-bacterial PLFAs in black soil and significant 
variations in the ratio of monounsaturated-to-branched fatty acids with different straw 
treatments that correlated with SR (p<0.05). These results indicated that the application of 
corn straw positively influences soil properties and soil microbial communities and that these 
properties affect these communities. The individual PLFA signatures were sensitive indicators that 
reflected the changes in the soil environment condition. 
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Introduction 


Microorganisms are the most abundant and diverse 
organisms and are key drivers of global biogeochemical 
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composition and activity of soil microbial communi- 
ties [4]. Therefore, soil microbial biomass, activity, and 
community structure are important aspects of soil 
quality [5]. Due to the sensitivity of soil microorganisms 
to changes in soil organic matter, the change in soil 
microbial community composition can be among the 
earliest indicators of soil health in many ecosystem 
processes [6]. Previous studies have shown that soil 
microbial community structure was influenced easily by 
environmental factors, such as quantity and quality of 
available soil carbon [7], nitrogen [8], texture [9], land-use 
change [10, 11], and season [12, 13]. Crop and soil 
management practices, such as the application of organic 
manure and inorganic fertilizers, may influence soil 
microbial biomass and activity [14]. 

Fertilization, as acommon and important agricultural 
management practice, is used primarily to increase soil 
nutrients and provide essential nutrients for crop 
growth, but it can also affect soil microbial community 
structure, improve the molecular diversity of soil 
microbial [15-17], and improve soil fertility by influenc- 
ing the diversity and activity of soil microbial [18]. Straw, 
as an important organic fertilizer and renewable 
resource, contains abundant C, N, P, K, and other 
nutrients and is readily available [19—21]. Approximately 
3.4 billion tons of crop straw residues are produced every 
year in the world, 0.47 billion tons of which are maize; 
97% were burned, stacked, and abandoned, which is a 
waste of resources and contributes to environmental 
pollution [20, 22]. China is one of most abundant straw 
resources in the world, producing more than 0.6 billion 
tons of straw every year, which represents approximately 
33-45% of energy consumption for livelihood in rural 
areas [23]. The rational use of straw resources is becoming 
an inevitable requirement for sustainable development 
of agriculture in China [24]. Returning straw residue to 
the fields is a primary way to use straw effectively and is 
an important measure to improve the basic fertility of 
farmland soil [25]. Returning straw to the soil has been 
used to increase soil organic matter, improve soil physical 
properties, and increase crop productivity [26, 27]. 
Additionally, the application of straw has been used to 
improve the activity of soil microbial and promote soil 
nitrogen and carbon sequestration potential [28—30]. 

This study selected black soil to study the influence of 
straw application on soil microbial compositions. Black 
soil is one of the most important soil resources in 
Northeast China and is one of the most fertile and best 
texture soils. The objectives of this study were (1) to 
analyze the composition of the soil microbial community 
in black soil after the application of corn straw, and (2) to 
analyze the relationships between the microbial commu- 
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nity and specific soil properties, i.e., soil moisture, 
temperature, pH, organic carbon, and total nitrogen. 


Materials and methods 


Soil sampling and experimental design 

This experiment was conducted in the greenhouse of the 
Chinese Academy of Forestry, Beijing. Throughout the 
experiment, the temperature was maintained at 25°C. 
The soil selected for this study was obtained from the 
southern black soil area (40°52’-46°18’N, 121°38’-131° 
19E) in the Gongzhuling experiment base of Jilin 
Academy of Agricultural Sciences. The soil pH was 7.2, 
soil organic carbon and total nitrogen contents were 17.46 
and 1.47gkg ', respectively, and soil available nitrogen 
content was 116.76 mgkg '. The soils were root-picked 
and sieved with a 4mm mesh sieve before use. 

The corn straw was composed primarily of cellulose 
containing 42% organic carbon. Corn straw applications 
consisted of a gradient of four levels of application: 50, 
100, 150, and 200% of shattered corn straw residue 
(referred to as C0.5, C1.0, C1.5, and C2.0, respectively). 
According to the local conventional fertilization with 
corn straw (7500 kg ha‘), the treatments were applied as 
follows: C0.5 plots received carbon as corn straw at 
1.54g kg ' soil; C1.0 plots received carbon as corn straw 
at 3.08gkg™’ soil; C1.5 plots received carbon as corn 
straw at 4.62g¢kg ' soil; C2.0 plots received carbon as 
corn straw at 6.16¢gkg ' soil, and the control plot (CK) 
remained unfertilized. Each clay pot (30cm in diameter 
and 40 cm in height) was filled with 25 kg soil. Corn straw 
was applied one-time to each pot, and maize (Zea mays L.) 
was planted in each pot on April 20, 2012. Each pot 
containing one corn plant was assigned randomly to one 
of the treatments, and each treatment was repeated three 
times (three pots per treatment). 

Sampling was conducted on May 20, June 20, July 20, 
August 20, and September 20, 2012, roughly at the 
seedling, jointing, silking, grain-filling, and maturity 
stages of the plants, respectively. Soil samples were 
collected from 0-20 cm depths in each plot with a pipe 
1cm in diameter. The samples used for phospholipid 
fatty acid (PLFA) measurement were stored at —80°C and 
the remaining soil was used for soil property measure- 
ments after air drying. 


Soil analysis 

Soil moisture (SM) and temperature (ST) were measured 
directly by soil hygrometer BSG-T300 in the plotted soil. 
Soil pH was determined through a suspension sample 
with a soil (air-dried) to water (w:v) ratio of 1:2.5 and 
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measured with a digital pH meter. Soil organic carbon 
(SOC) was determined by dichromate oxidation, and total 
nitrogen (TN) was measured using the semi-micro 
Kjeldahl method [31]. Soil respiration (SR) was deter- 
mined by the MicroResp™ approach [32]. 


Phospholipid fatty acids (PLFA) analysis 

The structure of the soil microbial community was 
assessed by phospholipid fatty acids (PLFA) analysis using 
the method described by Bligh and Dyer [33] and 
Frostegard et al. [34]. The lipid were extracted and then 
identified with a standard qualitative mix ranging from 
C10 to C20 and the MIDI peak identification system 
(Microbial ID. Inc., Newark, DE). For each sample, the 
abundance of individual fatty acid methyl-esters was 
expressed in nmol PLFA g`* dry soil. 

The fatty acid nomenclature used was that described by 
Frostegard et al. [34]. Concentrations of each PLFA were 
calculated based on the 19:0 internal standard concen- 
trations. The relative abundance of an individual fatty 
acid was expressed as the proportion (mol%) of the sum of 
all fatty acid [14, 35]. Gram-positive bacteria were 
identified by the PLFAs: i14:0, i15:0, i16:0, i17:0, a15:0, 
a17:0, Gram-negative bacteria were identified by the 
PLFAs: 16:1w7c, 17:1w8c, cy17:0, 18:1w5c, cy19:0, and 
non-specific bacteria were identified by the saturated 
straight-chain PLFAs: 14:0, 15:0, 16:0, 18:0 [36]. The fungi 
were identified by the PLFA 18:2w6c [34, 37, 38], and PLFAs 
16:1w5c were used as a marker for arbuscular mycor- 
rhizal fungi (AMF) [39, 40]. A ratio of the sum of 
monounsaturated fatty acids to the sum of branched fatty 
acids (MIB) (16:1w5c, 16:1w7c, 17:1w8c, 18:1W5c, 18:1w9c/ 
115:0, 116:0, 117:0, a15:0, a17:0) was used to indicate the 
relative ratio of aerobic to anaerobic organisms [41], while 
the ratio of fungal-to-bacterial PLFAs (18:2w6c/i14:0, i15:0, 
a15:0, 15:0, 116:0, i17:0, a17:0, 16:1w7c, cy17:0, cy19:0) 
was used as an indicator of changes in the relative 
abundance of these two microbial groups [34, 37, 42]. 


Data analysis 


One-way and multivariate ANOVAs for differences in 
soil properties and the soil microbial community with 


Table 1. Soil properties under different straw treatments. 


different sampling times and straw application treat- 
ments were performed with SPSS 19.0 (SPSS Institute, 
Inc., 2010), and a LSD test was used to carry out 
multiple post hoc comparisons. Before analysis, the data 
were natural-log transformed where necessary to 
improve normality and homogeneity of variance. 
Significant differences were set as p < 0.05. Additional- 
ly, correlations between soil properties and microbial 
variables were determined using Pearson correlation 
coefficients. 

Microbial biomass was calculated as the sum of the 
individual PLFAs (nmolg ' soil). PLFAs that contributed 
less than 1% of the total amount extracted from each 
sample, or those that were observed in only one sample 
were eliminated from the data set, yielding 19 PLFAs for 
statistical analysis. The composition of the soil microbial 
community was summarized using a principle compo- 
nent analysis (PCA) on the relative abundance (mol%) of 
PLFAs in each sample. PCA was conducted using CANOCO 
software (Canoco for Windows 4.5). Redundancy analysis 
(RDA) as a direct ordination technique based on PCA was 
used to test specific hypotheses about the relationships 
between soil properties and microbial community 
composition. Soil properties were tested for significant 
contribution to the explanation of the variation in the 
PLFA data with the Monte Carlo permutation test based 
on 999 random permutations (p < 0.05) [43]. Soil proper- 
ties that were significantly correlated with factors in the 
RDA were stressed in the plots. Soil properties were 
represented by vectors. Vectors of greater magnitude and 
forming smaller angles with an axis are more strongly 
correlated with that axis [42, 44]. 


Results 


Soil properties 

The soil pH, SM, ST, SR, TN, SOC, and C/N are given in 
Table 1. By comparison to the control treatment (CK), ST, 
soil pH, TN, SOC, C/N, and SR increased with straw 
application (Table 1). ST and SM increased from May to 
August, while TN, SOC, pH, and SR decreased from May to 


Treatments ST (°C) SM (%) PH (1:2.5H,0) TN (gkg) SOC (gkg) CIN? SR (ug CO2-C g'h’) 
CK 26.53 +2.82 53.91412.77 7.04 0.20 1.4540.05 15.7741.27 10.88 +0.97 83.96 + 12.65 
co.5 26.58 +2.70 56.04+10.87 7.03 0.22 147+0.05 15.75+0.95 10.73+0.52 84.72 14.27 
C1.0 26.82+2.69 53.98+12.42 7.02+0.23 146+0.04 16.02+0.84 10.94+0.49 90.04+24.85 
C1.5 27.07+2.58 52.81412.94 7.08+0.26 148+0.07 16.18+0.76 10.94+0.34 93.46+32.20 
C2.0 26.69+2.58 55.96411.35 7.06+0.21 1.50+0.05 16.3941.12 10.92+0.77 85.99+11.25 


“C/N refer to the ratio of soil organic carbon to soil total nitrogen, respectively. 
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Table 2. F-test for months and treatments of soil microbial 
composition and soil properties (P values). 


Months Treatments Months x treatments 
Total PLFA NS? 0.021 0.008 
b 0.027 NS NS 
AMF 0.007 0.000 NS 
G+ 0.001 NS 0.041 
MIB 0.000 NS NS 
ST 0.000 NS NS 
SM 0.000 NS NS 
SR 0.000 0.000 0.000 
pH 0.000 NS NS 
SOC 0.000 NS NS 
TN 0.000 0.019 0.038 
CIN 0.001 NS NS 


b, bacterial PLFAs; AMF, arbuscular mycorrhizal fungi PLFAs; 
G+, Gram-positive bacterial PLFAs; M/B, the ratio of the sum of 
monounsaturated fatty acids to the sum of branched fatty acids. 
aNS, not significant at p < 0.05. 


August and increased in September. Multifactor ANOVA 
showed that SR (p<0.01) and TN (p<0.05) were 
significantly affected by treatments and months. The 
month effect on ST, SM, SR, pH, TN, SOC, and C/N was 
significant (p<0.01), and the treatment effect on SR 
(p <0.01) and TN (p<0.05) was significant (Table 2). 
However, TN and SR were both greater in C1.5 than in 
other treatments (Table 1). 
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Soil microbial structural diversity 
Total PLFA was affected significantly by the levels of 
straw application and month (p< 0.01; Table 2). By 
comparison to the control treatment (CK), total PLFA was 
higher with the straw application treatments. The straw 
application treatments in total PLFA was ranked in the 
order: C1.5 (46.21nmolg ')>C2.0 (44.01 nmolg') > 
C1.0 (42.11 nmol g~t) > C0.5 (41.02 nmolg~'). The total 
PLFA was the highest in C1.5 from July to September. 
The relative abundance of the saturated fatty acids, 
bacterial PLFAs, Gram-negative bacterial PLFAs, Gram- 
positive bacterial PLFAs, fungal PLFAs, AMF PLFAs, the 
ratio of fungal-to-bacterial PLFAs (F/B), and the ratio of 
the sum of monounsaturated fatty acids to the sum of 
branched fatty acids (M/B) are shown in Fig. 1. The 
proportional abundance of Gram-positive bacterial PLFAs 
was affected significantly by treatments and months 
(p <0.05); AMF PLFAs were significantly different by 
treatments (p < 0.01) and month (p < 0.01), and bacterial 
PLFAs and MIB were significantly different over months 
(p<0.05), but not across treatments (Table 2). In 
comparison to CK, the relative abundances of the 
saturated fatty acids, AMF PFLAs, fungal PLFAs, bacterial 
PLFAs, Gram-negative bacterial PLFAs and Gram-positive 
bacterial PLFAs were higher under the straw application 
treatments. 
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Figure 1. The relative abundances of individual PLFAs (mol%) with different straw application treatments at different times. The columns 
correspond to the left y coordinate and the line corresponds to the right y coordinate. 
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The mean abundances of fungal PLFAs and saturated 
fatty acids were higher in C1.0 (6.09+0.95% and 
19.81 + 2.32%) compared to that in other treatments, 
and they increased from May to September, whereas the 
mean abundances of bacterial PLFAs and Gram-positive 
bacterial PLFAs were lower in C1.0 (15.09 + 1.17% and 
22.17 + 1.92%) compared to that in other treatments, 
and decreased from May to September. However, the 
proportions of bacterial PLFAs were significantly higher 
than those of fungal PLFAs in all treatments (p < 0.01; 
Fig. 1). 


The relationship between soil microbial community 
composition and soil properties 

The total PLFA was correlated positively with SR and TN 
(p < 0.05). The bacterial PLFAs were correlated negatively 
with SM (p < 0.05), the Gram-positive bacterial PLFAs and 
MIB were both correlated with SR (p < 0.05). The Gram- 
negative bacterial PLFAs were correlated positively 
with pH and SOC (p < 0.05), as well as with TN (p < 0.01; 
Table 3). 

In the Principal Components Analysis (PCA) of the 
microbial community composition defined by the PLFA 
profile, the first two axes explained 53.3 and 15.9% of the 
total variation in microbial communities, respectively. 
Consistent with the pattern seen in the PCA plot, the 
microbial community was correlated significantly with 
the first (r= 0.67, p < 0.01) and second (r= 0.42, p < 0.01) 
axis. Consistent with the patterns seen in the PCA plot, 
the first axis corresponded to both the months and the 
treatments, even when values on the first axis corre- 
sponded to the months (p < 0.001) more strongly than to 
treatments (p > 0.05). The microbial communities in C1.5 
and CK were separated from each other on the first PCA 
axis (p < 0.05), and these two sites were set apart from the 
month on the origin of the PCA axis (p<0.05). Both 
months (p < 0.01) and treatments (p < 0.01) corresponded 
strongly to the second axis. On the second axis, the 


Table 3. Pearson correlation coefficients between soil microbial 
composition and soil properties. 


Total PLFA b G+ G- MIB 
ST —0.032 ~ 0.146 —0.144 —0.223 —0.009 
SM —0.105 —0.272"  —0.192 —0.209 —0.022 
pH —0.013 0.119 0.055 0.261* 0.146 
TN 0.247* 0.223 0.203 0.297** 0.133 
SOC 0.164 0.195 0.152 0.295* 0.133 
CIN 0.011 0.062 0.029 0.122 0.057 
SR 0.233* 0.179 0.293* 0.129 —0.246* 
*p < 0.05. 
**p < 0.01. 
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microbial communities in C1.5 and C0.5 were separated 
distinctly from each other (p < 0.01), with C1.5 below the 
origin of the PCA axis, while C0.5 was above the origin 
(Fig. 2). 

The relationship between the microbial community 
composition and soil properties was analyzed by RDA. 
The first two axes explained 73.9 and 16.9% of the total 
variation in microbial communities, respectively. The 
significance of environmental variables (ST, SM, soil pH, 
SOC, TN, C/N, and SR) presented in the ordination was 
determined by Monte Carlo permutation tests (p < 0.05). 
The results showed that seven environmental variables 
were significant on the first axis (F = 21.12, p < 0.01) and 
all canonical axes (F=4.60, p<0.01). The variations 
in PLFA profiles were influenced predominantly by 
ST (F=11.03, p<0.01), SR (F=8.35, p<0.01), soil pH 
(F=5.07, p<0.01), and SM (F= 2.84, p < 0.05). Changes 
in microbial community composition along axis 1 were 
associated with both higher values of pH and lower 
values of ST and SM (Fig. 3). The microbial communities 
collected from May and June were associated positively 
with relatively higher soil pH, while samples collected 
from July, August, and September were associated 
positively with ST and SM (Fig. 3). 


Discussion 


The effect of corn straw application on soil 

Application of corn straw can reduce fertilizer use and 
production costs, while also reducing the environmental 
pollution caused by burning straw, which is a method 
used frequently to remove residues in fields [20, 45]. 
Applying straw to the soil can also improve soil physical 
properties and promote effective decomposition of 
humus by increasing the diversity and activity of soil 
microbial, thus contributing to a virtuous cycle of 
agricultural production [20, 26, 27]. In this study, by 
comparison to CK, soil properties were influenced 
significantly and positively by the application of corn 
straw [18, 46]. Corn straw applied to the soil tillage layer 
(0-20cm) had a higher thermal radiation than the 
soil [47], which can improve soil bulk density and total 
porosity that enhances soil water holding capacity and 
infiltration [48]. In corn straw application treatments, the 
soil temperature, moisture, and respiration were 0.19- 
2.03, 0.13-3.95, and 0.91—11.31% higher than those in 
CK, respectively. Currently, inputs of soil nutrients 
depend primarily on the use of expensive and potentially 
toxic chemical fertilizers, while a large amount of crop 
straw is discarded or burned, thus resulting in declines in 
soil organic carbon content in farmland ecosystems on 
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Figure 2. Results of principle components analysis (PCA) on PLFA data. Values are means (n= 3) with bidirectional error bars of axis 1 and 2. 


For all PCA plots, values on the x and y axes represent the percent variation explained by axis 1 and 2, respectively. © CK; 


@ C1.5; O C2.0. 


the time-scales [49]. In previous studies, direct returning 
of straw to soil increased soil organic carbon stocks and 
soil nitrogen content in agricultural soils, thereby 
improving soil quality [27, 50]. In this study, soil organic 
carbon and total nitrogen content in the corn straw 
application treatments were higher than those in CK, 
and both were highest in C2.0. These results suggest 
that applying corn straw has obvious effects not only 
on holding soil water, regulating soil temperature, and 
improving soil bulk density but also on increasing 
soil carbon storage and transformation in agricultural 
soils [50]. 


© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 


www.jbm-journal.com 


C0.5; A C1.0; 


Soil microbial is sensitive to the environment varia- 
tion, resulting in soil microbial community would also be 
influenced [41, 51]. In this study, by compare to CK, total 
PLFA, the relative abundances of the saturated fatty acids, 
AMF PLFAs, fungal PLFAs, bacterial PLFAs, Gram-negative 
bacterial PLFAs, and Gram-positive bacterial PLFAs were 
increased under the corn straw application (Fig. 1). Total 
PLFA and AMF PLFAs in C1.5 and C2.0 were significantly 
different with that in CK (p<0.05); Gram-positive 
bacterial PLFAs in C1.5 was significantly different with 
that in CK (p<0.05); fungal PLFAs in C2.0 was 
significantly different with that in C0.5 (p < 0.05). Our 
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Figure 3. Redundancy analysis (RDA) results of microbial community 
composition and soil properties. Soil properties that were correlated 
significantly with factors in the RDA were stressed in the plots (Monte 
Carlo permutation tests, p< 0.05). Vectors represented the mean 
value of the soil properties and the mean abundances of microbial 
community. The direction of an arrow indicates the steepest increase 
in the variable and the length indicates the strength relative to the other 
variables. For all RDA plots, values on the x and y axes represented 
the percent variation explained by axis 1 and 2, respectively 
(p< 0.05). @ May; A June; © July; 1) August. 


results validated that the application of corn straw was 
essential for improving soil quality and increasing the 
diversity of soil microbial. 


Soil microbial community and soil properties 

Soil properties also played an important role in explain- 
ing variation in soil microbial community composi- 
tion [51]. Total PLFA was influenced by the interaction of 
the sampling times and straw application treatments, 
which were correlated with the variations in soil TN and 
SR (Table 3 and Figs. 2 and 3). Higher total PLFA in C1.5 
was related to higher TN and SR, and lower total PLFA in 
CO.5 was related to lower TN and SR (Tables 1 and 3), 
indicating that soil properties might account for the 
variation in total PLFA. 

High soil fertility favored soil microbial growth [52, 
53]. Different soil types were associated with different 
soil properties, which might contribute to the conflicting 
correlations to total PLFA with SM, ST, and SOC [42, 54, 
55]. Soil N, which can be increased by the application of 
corn straw residues, is the most important source of 
nutrients for microbial utilization [27]. In this study, total 
PLFA was correlated positively with TN (Table 3), and TN 
was influenced by different straw application treatments 
(Table 1), which suggested that soil microorganisms were 
influenced by corn straw application [56]. However, we 
did not find significant correlations between total PLFA 
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and ST or SM, while ST and SM were not significantly 
different under the straw application treatments (Tables 2 
and 3) because the experiment was conducted in a 
greenhouse with constant temperature and humidity. 
Although we did not find a significant correlation 
between total PLFA and SOC, we did find a positive 
correlation between Gram-negative bacterial PLFAs and 
SOC (Table 3), and therefore a more pertinent reason for 
such a phenomenon merits further investigation. 

Soil respiration (SR) is a fundamental biochemical 
process for the decomposition of soil organic carbon, and 
can reflect the extent of the decomposition of soil organic 
matter and the level of nutrition supplied; thus, it can be 
used as an index for the evaluation of the total activity 
of the microorganisms [57]. The application of straw 
residues can improve soil aeration conditions, which 
will enhance soil microbial growth and activity [27, 58]. 
Soil microbial activity is also the main source of soil 
respiration. In the present study, soil respiration 
increased significantly with the application of increased 
amounts of straw (Table 1) [59, 60], and influenced the 
variation in PLFA profiles (Table 3 and Fig. 3), which 
suggested that soil microorganisms were influenced by 
corn straw application [56]. 

The soil microbial community increases generally 
with pH and soil moisture, and the increased soil pH 
has been shown to cause the soil microbial community 
to change from fungi-dominated to bacteria-dominated 
[61, 62]. In previous studies, soil microbial community 
composition was correlated highly with soil pH [37, 63]. 
Those studies found that bacterial PLFA increased with 
increasing soil pH, and it was suggested that pH 
controlled the soil microbial community composi- 
tion [63-65]. In our study, Gram-negative bacterial 
abundance was correlated positively with pH (Tables 1 
and 3; Fig. 1). The soil microbial community composition 
was correlated positively with soil pH from May to 
June, but correlated negatively from July to September, 
which suggests that soil pH as the constraint on soil 
microorganisms was restricted by other environmental 
variables [66]. 

Soil C/N has been observed to be the best predictor 
of the soil microbial community, with fungal biomass 
being high when there is a high C/N, and bacterial 
biomass increasing when this ratio declines [61]. In our 
study, fungal PLFA was correlated negatively (r = —0.54, 
p <0.05) with C/N in May, bacterial PLFA, Gram-positive 
bacterial and Gram-negative bacterial PLFAs were 
correlated positively (r= 0.63, 0.64, 0.59, 0.62, p < 0.05) 
with C/N in September. However, we did not find 
significant correlations between fungal, bacterial PLFA 
and C/N in June, July, and August, and we also did not find 
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a significant correlation between total PLFA and C/N 
(Table 3 and Fig. 3) [42]. 


Indicator of soil microbial community to soil 
environment condition 

It is very important to provide organic matter for soil to 
soil organic carbon content, soil texture, soil biodiversi- 
ty, and food chain [67], and corn straw application could 
contain soil organic carbon and improve soil fertility 
and the activity of soil microbial [46, 68]. In this study, 
SOC and TN increased with increasing levels of corn 
straw application (Table 1). The nutrients released by 
different treatments had different effects on the soil 
microbial community (Fig. 1 and Table 3). It may be 
that the seedling stage (May) of the corn plant needed 
less nutrition than the maturity stage (September); 
there were also more nutrients for the soil microbial 
community in May than in September. Therefore, 
higher total PLFA was found in May (45.29nmolg ' 
+9.92), and lower total PLFA on September 
(39.75 nmol g '+ 6.28). 

It has been found that individual signature PLFAs may 
be sensitive indicators of improvement in soil abiotic 
conditions [69, 70]. Arbuscular mycorrhizal fungi (AMF) 
play an important role in nutrient cycling and in 
improving structural soil characteristics [71-73]. AMF 
PLFAs was more abundant in C2.0 in August, and fungal 
PLFAs were more abundant in C2.0 in September, which 
may be associated with high SOC in C2.0 because fungi 
incorporates more soil carbon into biomass than does 
bacteria and the carbon turnover is slower in fungi- 
dominated ecosystems [42]. 

The ratio of fungal-to-bacterial PLFAs is used common- 
ly as an indicator of changes in the relative abundance of 
these two microbial groups in soil microbial communi- 
ties [34, 37]. The ratios of fungal-to-bacterial PLFAs were 
higher in this study compared with the findings in other 
studies [37, 51], indicating that fungi predominated 
in our treatments. This conclusion is consistent with 
previous reports of a high fungal-to-bacterial ratio in 
agricultural soils [74]. The predominance of fungi over 
bacteria in our soils might be due to the higher SOC in 
agricultural soils [34, 74]. 

MIB is used as an indicator of the relative ratio of 
aerobic to anaerobic organisms to slow-growing anaero- 
bic bacteria. The higher M/B with fast-growing aerobic 
bacteria takes place under condition of better soil 
aeration, while the lower MIB with slow-growing 
anaerobic bacteria occurs in more poorly aerated soil [41]. 
. In our study, M/B was correlated significantly with SR 
(p < 0.05) which was used commonly as an indicator of 
soil quality. In addition, M/B decreased with increased 
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straw applications (except for C0.5), suggesting that soil 
aeration was poorer in C2.0 compared with that in C1.0 
and C1.5. However, the MIB increased from May to 
September (except for August) in C2.0, suggesting that M/ 
B shifted over months in C2.0. It suggested that these 
individual signature PLFAs were sensitively responded to 
application of corn straw, and might be regarded as 
sensitive indicator of soil environment condition. 

In summary, application of corn straw can influence 
soil properties to improve soil quality. The variation in 
soil microbial community compositions with straw 
application treatments corresponded to the variance in 
sampling times, which correlated with the amounts of 
soil TN and SR. The number and abundances of PLFAs 
with the amounts of soil TN and SR were higher in C1.5 
compared with those in CO0.5, C1.0, and C2.0, which 
indicated that the structural diversity of the soil 
microbial community was affected positively by the 
application of corn straw. However, the changes of PLFA 
profiles in black soil with different straw application 
treatments provided some evidence of changes in soil 
conditions. Therefore, further studies should address the 
long-term effects of crop yield on ecologically relevant 
processes. 
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